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EXECUTIVE SUMMARY

The issue of river conservation is gaining urgency in recent times in India. However,
despite considerable efforts in this field, riverine islands and sandbars have, until now,
received negligible attention from subject experts and policymakers. This is evident from
the gross lack of studies on this topic anthe absence of any significant policy/regulation

addressing pressing issues faced by these vital components of the riverine ecosystem.

In recent years riverine islands have begun to face anthropogenic pressures to the extent
that some are hosting major built settlements. Most major rivers in India including River
Ganga not only support numerous habitats and exemplary biodiversity but also serve as
sources of several key ecosystem services. However, the increasing human colonization
within and around the riverine ecosystems has overwhelmed the islands and led to the loss

of their native biodiversity vis-a-vis increasing concretization and agricultural activities.

The lack of studies regarding these islands as well as the absence of a policy

framework to address their usage, conservation and protection, prompted this

study. INTACH proposed a comprehensive and pioneering study to examine various issues
pertaining to riverine islands of the Ganga [other than the deltaic region of Sundarbans

where the islands are subject to tidal influences] and lay out the contours of a position

paper for riverine island governance with the prime objective of enabling islands to play a

healthy role in the river ecaosystem, possibly enabling other environmentally compatible

uses [on select islands] and certainly preventing misuse of the islands for inappropriate
activities.

Typically, A £l OOEAI OEOAOET A aFdimads withiA &dver AhAnneh A EET A A
that is separated from the floodplain by water on all sides, exhibits some stability,

and remains exposed during bankfull flow 6 j xEAOAAO A OAT AAAO 1 AU
Most international studies have considered the riparian vegetation to be playing an
important role in the formation and stabilization of riverine islands along with being an

important distinguishing factor between an island and a sandbar. Broadly, the ®vine

islands formation is in two waysz those which are newly formed mostly by initiation on
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gravel bars within the rivers and second that are formed due to dissection of a floodplain

region. In India, riverine islands and sandbars occur in most major rivers with some

important examples beingz Majuli Island in the Brahmaputra River (considered to be one

I £/ OEA x1 Ol AO AEGCCAOO OEOAOET A EOI ATAO AT A O
in the Ganga River, Srirangapatna and Srirangam Islands in the Cauvery River, Kabirvad

Island and Omkareshwar Mandhata Island in Narmada River, Divar Island in Mandovi River

and islands of Godavari River. These islands are known by different names regionally such

as 7 Gaapud Diardd hankéb KudrGb Bett O AGhdd 80 $ AOPEOA OEAOA AQAIE
India have, hitherto, been concentrated on Majuli Island while scanty information is

available for others including islands in the Ganga River.

The riverine islands in the Ganga River are known to form in various shapes which are
dependent on factors such as discharge, velocity, gradient and sediment loddhe GIS
based mapping of riverine islands and sandbars yielded the presence of 2397 islandsf
which 1198 islands have an area of more than 5 hectares. Among these 1198 islands, 790
are barren lands/sand bars without any defined land use, 132 islands are under agriculture

and human settlements while 250 islands are under forest or vegetation cover.

For the current study, 13 islands were selected fosurvey in the Ganga River main stem
and Hooghly River stretch. The field studies involving biodiversity surveys and stakeholder
interactions underscored various issues that varied from island to island. Overall, it was
recorded that the increasing land pressures played a pivotal role in shifting the focus of
local communities (especially from riparian villages, towns and cities) towards exploiting
the riverine islands and sandbars. Mostly this was done for agricultural and horticultural
purposes with vegetables and fruits being chief products on islands closer to towns and
cities. This, however, led to the clearing of native vegetation which adversely impacted
biodiversity and threatened habitats of turtles, otters and several birds on the islands.
Upon interactions, several cultivators reiterated that they had the necessary ownership or
permissions to undertake cultivation on islands but often failed to back their claims with

any documents.
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The islands in the upper reaches of the Ganga River such as those in Haridwar Distt.
supported a rich biodiversity and served as crucial migratory corridors for Elephants, Deer
and other wildlife. In the middle and lower stretches of the Ganga River, wildlife such as
Wild Boars, Golden Jacka) Nilgai, smoothcoated otters, and several bird species found
their abode on the islandsSaccharumsps. grasses were found to be growing luxuriantly on
islands and were often collected by local communities for thatching hut roofs, making
brooms, baskets and granaries. Cattle grazing by riparian communities was also recorded

to be a common activity on the riverine islands.

In certain islands such as Raghopur Diara (Vaishali) and Ramchandipur Diara (Varanasi),
people have owned lands for years and with the passage of time are developing these
places into fultfledged towns with all necessary amenities including multstorey
constructions but without any regulations. While the former is being connected by a new
bridge, the latter is already well connected with the mainland through a proper bridge.
Similar connectivity demands are resonating among island dwellers in Jharkhand and West
Bengal as reported during the survey. In several islands, unauthorized activities and other
criminal activities often go unnoticed due to jurisdictional ambiguities between districts on

opposing banks or in some cases two different states on opposite river banks.

The following categories ofland uses, deliberate or natural, were observed, although not
uniformly applicable to each island :

x Woodlands, wildscapes, habitats

x Cultivation

x Settlements

x Cottage industry [fisheries hub on one island]

x Sand mining

Survey of literature and workshop inputs suggest the possibility that islands in urban

stretches could be used for ectourism and light commercial development
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In order to analyze variousissues recorded during the surveys and address the same, a
thorough legal analysis was also carried out pertaining to existing laws and regulations in
India dealing with riverine islands. The earliest and most prominent known regulation in
this regard is the Bengal Alluvion & Diluvion Regulation, 1828eveloped by the erstwhile
British administration which deals with ownership of lands either gained by river action or
cut-off from the mainland due to course changes. Although this Act was modified and
discarded later, its different provisions were adopted in land regulations of States such as
Bihar, West Bengal, Odisha and even Punjab. While it was clear that land within the river
was the propetty of the state governments, several statéevel Acts/regulations complicate
the picture of ownership and tenures. Among recent national Acts/Notifications some
contradictions or grey areas were noted betweenthe River Ganga (Rejuvenation,
Protection and Management) Authorities Order[2016], National Waterways Act [1982]

and Wildlife Protection Act [1972] which have been addressed in the recommendations.

The national level legislation such aghe River Ganga (Rejuvenation, Protection and
Management) Authorities Order, 2016, EIA Notification [to the extent applicablegnd the

Water Act z are oriented towards conserving the health of the river system. The Wildlife
Protection Act comes into play where river sanctuaries are involved and would therefore

have a bearing on islands within the sanctuary zone as well as on the riparian buffer zone.

4EA pwygu . AOGETT Al 7A0AOxAUOG ! AOBO DPOIT OBOETT O
the navigational channel seento belong to an era where the river systems were little
understood and, in fact, taken for granted. Such a provision would allow unhindered
modification of islands and bank profiles. Where islands are concerned the LARR Act would

then come into play as LARR ACT not only mandates compensation against land acquisition

but also loss of occupations.

As no extant law/regulation permits construction on islands the islands on which
construction has come up in violation, both by government and by private individualgre
on the wrong side of the law. The River Ganga (Rejuvenation, Protection and Management)

Authorities Order, in fact, ars any construction on the 100year floodplain of the river.
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There clearly appears to be a need to siplify and consolidate the statelevel laws to bring

about internal consistency and align them withthe objectives of the nationallevel laws. An

overriding national legislation which balances the tenurial issues, need to accommodate

the exsting genuine cultivators while attaining and sustaining therobust health of the river

ecosystem seems to be required.

The study proceeded to identify varioustakeholders as follows :

X

Settlers with built residential establishments

Cultivators with ownership documents

Cultivators without ownership documents

District Administration for administrative jurisdiction

District Forest & Wildlife Dept. [for corridors, river sanctuaries, wildscapes
and habitats, ecotourism]

Basin Manager [NMCG] for resolution of complex issues arising out of actions
or inactions of various stakeholders and as the human representative of the
river systems

IWAI [Inland Waterways Authority of India] as navigational routes can
require island modification [horizontally]

Urban local bodies & town planning departments in whose jurisdiction
islands in urban stretches fall

Wildlife having actual and potential habitats represented by DFO, CWW,

relevant civil society organization[s]

Other key issues pertaining to Ganga riverine islands include definitional issues and

complexities in ownership and tenures on islands. Thus, for e.g.
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The case of fordable islands where tenurial rights but not ownership may
exist.

The case of norfordable islands which belong to the State Governments in
their entirety. Here again, the district authorities can give tenurial rights for

cultivation but only for limited periods.



With increasing human settlements, there is a spurt ithe construction of multistoried
houses, schools, panchayat offices, water tanks, markets, roads, permanent bridges and
many other city-like facilities on some islands. In the absence of any regulations, the
residents owning lands on these islands are freely undertaking construction and an urban
land market is beginning to emerge in a couple of caseDespite the threat of damage
during flooding, some islands, particularly those close to large cities, are now seeing
changes in land use with urban colonization. Construction of buildings and residential
settlements is not recommended on the grounds that these are against extant law,
vulnerable to floods, erode already shrinking wildlife habitats, can generate pollution
affecting surface and groundwater regime, affect aquatic life through increased traffic,
noise and light pollution. Such settlements will also create demands for road and bridge

connectivity thereby opening the island to further undesired exploitation.

Modification Issues z it needs to be considered as to the circumstances under which
modification of islands, in the horizontal and vertical plane, can be permitted.

i. For eg.an island keeps on expanding to narrow down its containing channels and
thereby choke navigation. In such a situation the island may require horizontal
modification of one of its containing channels to maintain navigation. The extent
of modification should be minimal based orhe requirements of large vessels.

ii. Bridges for connectivity are also undesirable as they increase accessibility, rob
the island of its isolated, undisturbed and natural status, driving pi land costs

which then attract construction demands by real estate lobbies.

Other issues pertain to opposing concerns of the several stakeholdersursdictional
ambiguities [often the result of shifting river course], increasing human footprint,
agriculture expansion, encroachments, biodiversity and ecosystem services losse of
chemicals in agriculture, pressure for bridge /road access which in turn leads to land price
spikes and unauthorized construction,lack of sound legal framework and inability to

identify the islands as most of them have no nomenclature.
Business as Usual Scenario : What would happen if the present situation is allowed to
AAGAT T B OTEET AROAAe (AOAET o0 O40ACAAU 1T &£ OEA
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overexploitation or degradation of all resources used in commonA situation can be
visualized wherein more islands would be colonized, more habitats and woodlands cleared,
more areas brought under cultivation, new sources of pollution would develop midiver
and growing populations would exert political pressures for flood protection measures,

thereby completely destroying the naturalcharacter of the river.

Policy Based Regulated Scenario : Under a policyregulated scenarioconsistencywould

be achieved amongst statdevel and national laws, the interests of cultivators
accommodated, while river conservation and wildlife refuges would be the drivers of
interventions or prevention of interventions. A very limited number of islands in the urban
stretch can be permitted to have recreational activities and other select islands can have

controlled ecotourism activity, all in the non-monsoon season.

Policy Objectives : This policy position paper aims to ensurethe following objectives:
I.Settling the ownership issues of the river islands
ii. Settling the usageassues of the river islands
iii. Promoting inventory and mapping of all river islands

iv.Resolving legal anomalies

The position paperrecommends a balance between environmental, administrative and
settlement challenges. Towards this endt advocatesreconciliation betweenthe objectives
of national-level law and statelevel legislation. The paper retains the interests of existing

cultivators while preventing destructive and flood-vulnerable construction on islands.

The position paper defines a river island ag G\ piece of land definitely surrounded by

water during the monsoons and is fairly stabilized with natural vegetation 038

Ownership : The State Governmentis/will be the owner of the islands in existenceas of
the date of the policy, those which may emerge later and those sandbars which evolve as
islands. Where private property exists on certain islands, the gross footprint of the same
will not be expanded and the remaining unregistered lands will remain in the ownership of

the State

xvii| Page



The paper also advocates amendments to the River Ganga (Rejuvenation, Protection and
Management) Authorities Order, 2016 to explicitly cover islands. It further addresses the
potential contestation between the National Waterways Act and the River Ganga
(Rejuvenation, Protection and Management) Authorities Order, 2016. It also advocatbe
need for amendment in statelevel legislation for internal consistency and consistency
across the Ganga Basin. Further, the papeecommends amendments to statdevel
legislation to regularize and freeze residential and related construction where it has

occurred on a large scale.

A nomenclature system has also been proposed to name the islands thereby raising their
visibility in the minds of stakeholders. Lastly, the position paper bats for the interest of

wildlife and ecology which finds refuge on these islands.

The issue ofpermissible landuse is dealt with in detail. The landuse of islands falling in
non- urban stretches of the rivers will be completely rural. Thus, no construction activity

will be allowed here as is the law.

i. Where cultivation is being carried outcultivated area as ofthe date of policy
notification may be established by satellite imagerysupported by ground
truthing surveys. No further expansion of cultivable area is to be permitted and
the remaining area is to be maintained wild or rewilded

ii. In case cultivation is being carried out legitimately the agronomic practices will
be completely organic and without a trace of chemical inputand gradually
transformed into permaculture with appropriate steps by the authorities.

lii. Further, sandmining will not be allowed on the defined islands.
iv. Ecotourism, observing ecetourism code of conduct, may be allowed on the
islands.

v. Islands falling in the urban stretches may be allowed for eeurism use such
as trails and camping and some forms of recreation andxtremely strictly

defined temporary constructionwith all pollution -preventing measures.
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Construction on Islands - With regards to construction the following policy injunctions
will be followed :

i. Existing construction on privately held lands within large settlements, as
existing on the date of the policy, can remain. However,the expansion of
footprint and vertical growth will be frozen as of the date of the policy
notification. Even this will be an exception to state laws which will require an
amendment

ii. Construction on empty private plots is not to be allowed from the date of policy

notification.

Accessibility : Construction of bridges to the islands from the banks is not to be permitted

except in the case of islands with major existing settlements.

Island erosion : Erosion of riverine islands is a major issue as observed on Raghofdbiara
along with other islands. The most environmenifriendly approach to this challenge is
stabilizing the island banks with riparian grass, speciallsacharum sps. and other native
riparian vegetation. Not only do these provide longterm bank stability but also support

native biodiversity and enhanceclimate resilience.

Specific recommendations include promoting organic agriculture, safeguarding native

vegetation and wildlife in newly formed islands and islands which are not privately owned,
chalking out sustainable development plans for bigger islands with significant human
footprints, avoiding permanent connectivity as far as possible, increasing research studies

in this subject, resolving jurisdictional issues, prevention of island erosion.

It is suggested that the National Mission for Clean Ganga (NMCG) can be the nodal body for
developing and implementing a sound riverine islands policy which can be effectively
monitored in conjunction with State Ganga Committees and various District
Administrations concerned. The policy emanating out of this position paper would be
applicable to the main stem of the Ganga River along with its tributaries and tributaries of

those tributaries.
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Monitoring and Implementation : National Mission for Clean Ganga (NMCG) can be the
nodal body for developing and implementing riverine island policy. Any activity concerning
the riverine islands and sandbars would need prior approval from them. Th&tate Ganga
Committees in conjunction with the concerned District Administration can effectively
monitor the implementation of guidelines from time to time and apprise about the same to
NMCG.

*kkkkk
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CHAPTER 1 0 INTRODUCTION

1.1 Riverine islands are a common and important feature in most major rivers across
the world and in India, particularly those flowing through alluvial terrain,
transporting plenty of sediment,and having seasonal flood pulses which result in
changing courses and braiding. They are particularly common [although not
exclusively so] to the middle stretch, lower reaches and estuarine areas of rivers
flowing through alluvial strata particularly in areas of gentle gradients with
resultant gentle flows which allow sediment deposition and island formation.
Such is the case with River Ganga whiabriginates in a mountainous stretch
thereafter coursing through alluvial plains and subsequentlycarving out the
deltaic zore at the Bay of Bengal. The alluvial stretch is a zone of island formation
which has several islands formed by sediment deposition and channel braiding.
0) 601 ATAOG T AU 116 AA PAOIATAT O 11 OEA CAIlI
meandering, climate change, etc. but can remain in place over decadal or century
OEiI A OAAT AO AT A EAT AA AQEEAEO TosAAEl EOQUOG
islands recorded in the Ganga Rrer have a dynamic relationship with fluvial
processesand are integral parts of the river channel sedimentary dynamics and

offer extant and potential ec@ystem services

1.2 These riverine islands have rarely been considered consciouslyin either
administrative and revenue processes nor have been addressed from the
perspective of river conservation or the larger biodiversity aspect even though
they are integral to river ecology and are components of larger ecosystemsrThis
is also true with most other major rivers of India as barring Majuli Island in
Assam, there are no other significant studies. Of Igtevith the identification of
rivers as waterways, these islands are also seen as hurdles in the navigation

process.

1.3 The vegetated riverine islandsin the river, have a dynamic relationship with

fluvial processes, are integral parts of the river channel sedimentary dynamics
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and offer extant and potential ecaystem services.Furthermore, as they are
separated from the mainland, there is a potential of harboring unique
biodiversity and also of providing a safe haven for several other species.
However, while some riverine islands inthe Ganga River system, especially in
secluded areas and sites away from human settlements continue to provide
ecological benefits, most othes are being increasingly subjected to human
intervention and even colonization,which is reducing the natural wildscapes of
these islands thereby destroying biodiversity and habitats intrinsic to the river
system.The increasing vulnerability of riverine islands to exploitation is a result
of an absence of robust and farsighted policy on the issues of jurisdictioland
ownership, permissible land use, wild flora and fauna refuges.colonization
pressure in the middle of the river anddestruction of islands on account of sand

mining.
Objectives

1.4 It is thus surprising that riverine islands, staring river experts in the face, have
elicited such little attention and thus attracted very little research. Despite
growing efforts for river conservation in recent years, there have been limited
studies that contribute to a better understanding of these ecologically significant
areas.Thus, a comprehensive and pioneéng study was proposed by INTACHo
examinevarious issues pertaining to riverine islands of the Ganga [other than the
deltaic region of Sunderbansvhere the islands are subject to tidal influencdsand
lay out the contours ofa well-defined policy position paper for riverine island
governance with the prime objective of enabling islands to play a healthy role in
the river ecosystem possibly enabling other environmentally compatible uses
[on select islands] and certainly preventing misuse of the islands for
inappropriate activities. The following important objectives are envisaged for

the study:

a) Understanding the present situation at the ground level z typology of

islands, location and formation of islands, the effect of meandering
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b)

d)

course and braided formations, the effect of islands on river flow,

and ways of usage will be examined .

Identify issues z clarify administrative z revenue z legal jurisdictions,

existing regulations [if any], inputs from the international literature

on the subject, identify stakeholders and their interests and

motivations [for example: Forest and Wildlife Dept., NMCG, Mining

Dept, National Waterways, Tourism Dept., Mining Dept., Basin

- AT ACAO6 O PAOOPAAOEOA OEA.#7#h OEDAOEAI
Elaborate on ecosystem services of riverine islands z here existing

status of islands for biodiversity and habitats, potential as wildlife

refuges, as part of wildlife corridors along with native flora

[particularly riparian grasses] would be examined especially in the

context of river banks becoming inhospitable and bald

Develop policy options for conservation and management through

stakeholder consultation resulting in an analysis of current status,

bl OAT OEAT h Ci1 OAOT AT AR EOOOAOh OOAEAEITIT A

the way forward through a position paper



CHAPTER 2 0 LITERATURE SURVEY: INTERNATIONAL
CONTEXT

The international literature survey highlights some work on riverine islands in
major rivers of the world such as St. Lawrence, Tagliamento, Yangtze, Amazon,
Nile and Padma. The riverine islands can be broadly divided into two categories 7
ones that are newly formed mostly by initiation on gravel bars within the rivers
and second that are formed due to the dissection of a floodplain region. In both
these cases, the islands are referred to as those land masses within a river channel
that are separated from the floodplain and surrounded by water on all sides.
Through several papers , it has come to light that riparian vegetation has an
important role in  the formation and stabilization of riverine islands. It can also be
considered as an important distinguishing factor between an island and a
sandbar. The riverine islands provide shelter to various people as observed in
Bangladesh, serve as crucial wildlife habitats as observed in the Amazon River and
have also been developed for their immense tourism potential as observed in  the
case of Thousand Islands. Along with this, the riverine islands provide several
important ecosystem services for mankind which often go unnoticed. This section
surveys the various international papers on riverine islands vis -a-vis gaining

insights from some crucial examples worldwide.

2.1  For surveying the literature on riverine islands in international rivers, an
extensive search was made online using appropriate keywords on various
platforms such as Wiley Online Library, Springer Link Publications, Taylor &
Francis Journals, ResearchGate & Academia.edu platforms among several others.
Available research papers were downloaded for reference and in some cases, the
authors were also contacted for sharing their literature. All the references
surveyed have been duly cited in this chapter and their detailsre provided in the

Bibliography section.
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2.2

2.3

24

Definition of Islands : Fluvial islands exist in almost all the major rivers of the
world whether they are regulated or unregulated. Afluvial island can be defined

A @ lafid mass within a river channel that is separated from the floodplain

by water on all sides, exhibits some stability (Osterkamp, 1998),and remains
exposed during bankfullflow 8 j xEAOAAO A OAT AAAO |1 AU AA
Morphological Characteristics : Although islands may generally be unstable and
not permanent in the geological time scale, some of them can remain in place
over decades or centuries, thereby exhibiting stability. Islands provide
morphological and biological complexity to river environments (Wardet al,
2002, Gurnell et al, 2005) and are an important element of river morphe
dynamics (Huppand Osterkamp, 1996; Schnaud& Moggridge, 2009). They are
crucial in both hydrologic and biotic capacities, and can therefore be indicators of
the general health and energy of the river ecosystem (Beeché¢ al, 2006). Some
recent histories of magnitudes, frequencies and durations of water and sediment
fluxes can also be recorded in the sediment and biota of fluvial islands (Wyrick &
Klingeman, 2011). Despite such usefulness, the disssions on riverine islands
have been conspicuously sparse in several geomorphology texts (e.g. Chorley,
1971; Schumm, 1972; Rihards, 1987; Hickin, 1995; Rodrigue#turbe & Rinaldo,
1997; Knighton, 1998; Bridge, 2003).

Formation Of Riverine Islands : The formation of riverine islands has been
minimally understood through the researchand literature available so far. In
most cases, the researchers have described island formations pertaining to their

local study sites. For example

A Tooth & Nanson (2000) described the formation of islands in an
ephemeral Australian river Marshall due to the deposition of sediment
behind tea trees.This river is characterized byridge-form anabranching,
where water and sediment are routed through subparallel, multiple
channels of variable size which occur within dypically straight channel

train. Ridges andislands represent a continuum of forms, and their
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formation and development can be divided into a threestage sequence
involving teatree growth and alluvial sedimentation[iImage 1]:

0 Teatrees colonize a flat, sandy channel bed, initiating the formation
of ridges by leeside accretion. Individual ridges grow laterally,
vertically and longitudinally and maintain a geometrically similar
streamlined (lemniscate) form that presents minimum drag

o Individual ridges grow in size, and interact with neighboring ridges,
causing the lemniscate forms to become distorted. Ridges in the lee
of other ridges tend to be protected from the erosive féects of
floods and survive, whereas individual teatrees or small ridges
exposed to flow concentrated between larger ridges, tend to be
removed.

o Ridges lengthen, and coalesce with downstream ridges, eventually

subdividing the channettrain into well -defined anabranches

ROLE OF VEGETATION IN ANABRANCHING CHANNELS

3

Chaotic growth of Teatrees and ridges start to Ridges coalesce at their

teatrees and associated become ordered into upstream and downstream

ridges in channel. Ridges stream-parallel groves. ends, and separate

approximate streamlined  Ridges begin to deviate anabranches relatively free of

(lemniscate) forms. from the lemniscate form. teatrees or small ridges. Ridges
deviate considerably from the
lemniscate

Image 1 : lllustration Of The Three Stages Of Ridge And Anabranching Formation (Source
Z Tooth & Nanson, 2000)
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A Edwards et al. (1999) proposed a mechanism for island initiation on
gravel bars in which it was noted how some uprooted trees, particularly
Populus nigra remained alive after erosion, transport and deposition on
gravel bar surfaces during flood events. Under suitable environmental
conditions, which included partburial by fine sediment, the uprooted
OOAAOG ODPOT OOAA OI 8 FEiwasisuggetdd itHatAfiktder EO1 AT A
accumulation and growth of vegetation, wood debris and sediment around
these pioneer islands supported their enlargement and coalescence,

culminating in the formation of larger established islands.

Fine sediment

wv;| Woody debris

Scour

Woody vegetation

Image 2 : Sketches Based On Field Observations In 1997 Showing The
%AOI U 30ACAO / £ $AGATTPIATO 1 &£# 6 ACAOAOGAA ) O1 AT |
Around A Large Uprooted Tree Stranded On A Gravel Bar Following A Flood
%OAT O )1 .1 OAT AAO pwwen 'TA j"q ! OG0EITARD ) Ol
Probably In 1990, And Which Accumulated More Debris And Sediment During
The Flood Event In 1996. (Source z Edwards et al., 1999)
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Gurnell et al. (2001) proposed a conceptual model of island development
that integrates the interactions between large woody debris and
vegetation, geomorphic features, sediment calibre and hydrological
regime [Image 3. This model illustrates the various processes that
transform an open gavel area (left side of Image Bthrough alternative
pathways of vegetation development, via pioneer and building islands into
a tree-covered component of the contemporary lbodplain (right side of
Image 3. An alternative pathway to island development (from the right to
the left side of Image 3 is through the dissection of the contemporary
floodplain, with the potential for total erosion of the resultant islands to
bare gravel. The conceptual model illustrates the interplay between
processes of agradation (upper half of Image 3 and degradation (lower
half of Image 3, which can lead to the development of complex islands. It
also illustrates the importance of the erosion, transport and deposition of
entire trees and smaller wood pieces to the proposed trajectories for

vegetation establishment.
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2.5

2.6

Note: Solid Arrows Represent Tiost Commonly Occurring Phenomenon

In one of the earliest studies, Leopold and Wolman (1957) explained the pattern
of island formation and subsequent braiding othe main river channel through a
case studyin Horse Creek and Green Rivesf the USA. They suggested a sequence
of events with the initiation being the deposition of a submerged central gravel
bar in an originally single/undivided river channel. The head of the gravel bar is
composed of the coarse fraction ahe bed load that is moving down the center of
the river channel. Because of some local conditions, not all coarse particles are
transported through this particular reach and some get deposited in the center of
the channel. Most of the smaller materials pass over the bar but part of the finer
fraction is trapped and deposited. Though the depth is gradually reduced, velocity
over the bar remains undiminished leading tothe rolling of some central bar
particles and getting deposited beyond the lower end of the bar where a marked
increase in depth is associated witta decrease in velocity. Thus, the bar grows by
successive additiors along its downstream end presumably by some additions

along its margin.

The growth of the gravel bar at first does not affect the width of the stream, but
when the bar gets large enough, the channels along its sides are insufficient in
width to remain stable. Widening then occurs by trimming the edges of the
central bar and by cutting laterally against the original sides of the channel until a
stable width has been attained. At the same time, some deepening of the flanking
channels may occur and the bar emerges as an island. The bar gradually becomes
stabilized by vegetation. After the island has been formed, the new channels in
the divided reach may become subdivided in the same manner. As successive
division occurs, the amount of water carried by an individual channel tends to
diminish so that in some of these, vegetation prevents further erosion and, by

screening action, promotes deposition.
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2.7

In another study, Ham & Church (2002) investigted the bar growth and island
development during the twentieth century in a gravel reach ofFraser River in the
Province of British Columbia in Canada where they found that belcaverage
floods between 1977 and 2002 caused vegetation growth that got matured on
elevated bar surfaces, thus, creating new island area. In addition, bed material

influx to the reach was being increasingly deposited along or adjacent to high bar
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or island surfaces rather than withinthe main flow channel. As a result, islands

had grown in size and narrowing and deepeningf channelk took place.

Stanford et al. (1996) summarized the fluvial systemof a river as a sequencea
continuum, of eight biophysical environments: (1) headwater streams, (2)
headwater transition, (3) montane flood plain, (4) montane transition, (5)
piedmont valley flood plain, (6) piedmont transition, (7) coastalflood plain, and

(8) estuary [Image 9.

Osterkamp (1998) gave a detailed understanding of the fluvial islands and
their different formation processes. According to him, natural islands in the
biophysical continuum occur through at least eight different processes that are as

follows:

1 Avulsion typically occurs by incision and channel straightening into coarse
alluvium during an erosive flood.

1 Gradual degradation of channel branches bounding a higher, within
channel surface. Thisresults from the steady evacuation, over years to
centuries, of sand and gravel deposited during flood events or debris flow,
as glacial outwash, or by other processes of accelerated upland erosion,
bank failure, or an abundant supply of stored bed sediment.

1 Lateral shifts in channel positions during normal disharges that isolate a
central surface topographically higher than the channel branches
bounding it.

1 Stabilization of a riffle, sand or gravel bar, or other positive channel
element by accretion and establishment of persistent vegetation during a
period of non-erosive peak disharges. This occurs usually in small rivers
of the headwatertransition zone, and in larger, floodwidened sand
channels.

1 Steady degradation of channel branches along preferred paths of bedrock
fractures or around structural features such as a reednticline (Liberty,

1981), or through permeable zones in glacial deposits, leaving a medial
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feature of relative resistance to erosion between the channel branches.
This case is typical of noralluvial channels (often bedrock) of slow base
level lowering, such as stream systems of karstic, glacial, and volcaagh
geology.

Rapid incision of channel branches duringhe recession of a flood or a
ponding event, leaving a surface higher than the anabranches bounding it.
This case requires rapid evacuation of sediment deposited during a flood,
by mass movement, or following general landscape instability.

Lee deposition at a channel obstruction, generally in a braided or
anabranched reach. This case is common in widened, braided channels of
various sizes, where steady evacuation, principally as bedload, of flood or
glacial debris occurs.

Deposition of various positive features by mass movement, such as
hummocks of debris avalanche and possibly rare drumlitike bars
preserved as protuberances from basaflow deposits of debris flow (Scott,
1988). Rare examples of islands in the eighth category are restricted to
lowlands catastrophically altered by extreme events such as debris
avalanche of a volcanic eruption or subsequent debris flow. Other possible

causes of islands of this sort are rockfall, soil slump, and bank failure.
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Figure 1. Schematic drawing of the biophysical continuum
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of an alpine area, through the montane, piedmont-valley, and
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Image 5 : Sourcez Osterkamp, 1998
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2.10 Role of Vegetation and Island Evolution : Among the various criteria, natural
vegetation has been considered tde an important indicator of island stability
(Kollmann et al, 1999). Vegetation can also provide a good distinction
between an island and a sandbar. However, it may not be always so, as many
islands might be composed of material too coarse to allothe establishment of
vegetation or such islands might be located in regions with naturally sparse
vegetation cover. However, since riverine islands are separated from the
floodplains, they can offer undisturbed growth for natural vegetation and safe
havens for wildlife from their predators or hunters. Flow conditions near an
island, such as river width, depth and velocity, can minimize predation and
increase species productivity (e.g. Ham & Church, 2002). For this reason, many
large rivers have wildlife refuges that include islandsArscott et al. (2000)
found that on the Fiume Tagliamento [Image 6], aquatic habitat complexity
was greater in the island -braided section as compared to the section devoid
of islands. In the same river, van der Nat et al. (2003) showed that aquatic
habitats were more stable in regio ns of vegetated islands than in bar-

braided regions.
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Image 6 : Fiume Tagliamento River After Leaving The Alps Mountains (Source z K.
Tockner et al., 2003)

210 Another outstanding example of this theory isthe riverine islands ofthe Amazon
River that are covered by early successional vegetation. They constitute a large
proportion of the total riverine habitat in Amazonia. After formation, these
islands travel downstream, in a sense, by constant erosion of the older, upstream
portions, and the constant increase in size by the deposition of sand and silt on
the downstream ends. This constant change creates an array of early successional
habitats on the islands.Exploratory visits to islands in the Napo River in
northeastern Peru in 1982 by the Louisiana State University Museum of
Natural Science (LSUMNS) revealed that the assemblage of land bird species
on these islands was almost completely different from that found in  terra
frme £ OAOO 11 OEA &ikkhBway. Sdnik dpedieb éntbuntered
on these islands were riveredge and seconejrowth species that were common

on the mainland but several appeared unique to the islands (Rosenberg, 1990).
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211 In one of the detailed studies, Gurnellet al, (2018) investigated the
morphological and ecological evolution of riverine islands in Tagliamento River,
Italy with a special focus on islands initiated by deposited trees that sprout to
form vegetated patches. The results highlighted that at a decadal time scale,
pioneer islands aggrade rapidly to the elevation of the mean annual flood,
showing a steady increase in vegetation canopy heigh&nd fining of surface
sediments from predominantly gravel to siltysand with a notable clay and
organic fraction. As islands age, standing vegetation becomes comprised mainly
of competitor species with transient seed banks and typical of woodland, scrub,
pasture and wetland habitats. However,at shorter time scales, the bie
geomorphological trajectory of pioneer islands is initiated by large flood events
that control the elevation of deposited trees, and subsequent flows that control
tree survival and establishment. Island morphological evolution depends on the
frequency-magnitude of sediment and seed delivery and redistribution by flood
AT A PT OOEAT U xET A AOAT 6Oh xEAOAAO EOI AT AOG
degree of vegetation establishment, which in the shoerm may vary with
seasonal to annual moisture supply, substrateharacteristics and climatic growth

conditions.

2.12 The islands and floodplain regions in te lower and middle stretches of the
Tagliamento River in Italy are dominated by plant species othe family z
Saliaceae, especiallipopulus nigraL. (black poplar). After more than two decades
of research, researchers developed a conceptual model based on the theory that
species fom Saliaceae plant family driveisland development in this region
(Gurnell et al,, 2001; Gurnell& Petts, 2002; Gurnellet al, 2005). The proposed
model incorporated three pathways almg which Salicaceae species may colonize
the surfaces of river bars and initiate island development: (1) germination and
growth of widely dispersed seeds when they are deposited at suitable
germination sites; (2) germination and growth of seeds that accumulate in
sheltered locations such as in the lee of wood piles and (3) sprouting of shoots

and roots from deposited wood pieces or entire uprooted trees. However, in the
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high-energy context of the Tagliamento, Pathway (3) has been identified as the
most likely to initiate island development with the rapid rooting and sprouting of
flood-deposited trees and large wood playing a crucial role in stabilizing bar
surfaces and trapping fluvial sediments, wood and plant propagules to construct
Of AT1  OPEIT T AAOG6 etEl) 1989).Andancthés Study, OBRitIdi &
Gurnell (2020) reported on the potential contribution of Alnus incana (L.)
Moench. (Grey alder), a member of the Betulaceae plant family that produces
seeds with a longer period of viability than theriparian Salicaceae, for rivebed

landform development in the middle reaches of the Tagliamento.

Erosion and Sedimentation of Riverine Islands : River islands exhibit various
shapes and different surface areas. They are molded river sediment formed by
continuous scouring and silting. Among various factors, river floods are
considered to be the dominant force in shaping island morphology, as their
power and kinetic energy is very high (Groveet al, 2013). This case is especially
observed in the monsooraffected Yangtze River in China where fluvial
geomorphic work is largely carried out during monsoon floods (Zhang & Qian,
2004). Affected by longterm river erosion and sediment deposition, the rapidly
evolving riverine islands can significantly affect the waterwayand flood control
safety and threaten the production and life of people on both sides of the Yangtze
River. Hence, a study was carried out by Suet al. (2018) which focused on
temporal changes of three river islands Fenghuangzhou, Changshazhou, and one
uninhabited island in the Yangtze River in 2016Image 7] along with estimating
the relationship between the area of river islands and measured water levels
using four different remote sensingbased models. The results highlighted that
there was a correlation betweenthe land area of the river islands andhe water
level in the Yangtze River and that the temporal variation of the river island was
mainly controlled by the variation of the water level during the year. Moreover,
the abrupt change in river islands wasnduced by floodingdriven water level

variations.
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Image 7 : River Islands In Yangtze River (Source z Sun et al, 2018)

2.14 The erosion and sedimentation processes in riverine islands are ofteaffected by

2.15

changes inhydraulic characteristics and human interventions. In the Greater
Cairo region of Egypt, the construction of Aswan High Dam (AHD) has caused
major changes in hydrological characteristics downstream of the dam
consequently affecting the river morphology including island formation and type.
A study by Sadelet al. (1999) evaluated the effect of AHD on the morphology of
the Rosetta branch ofthe Nile River Delta based on the analysis of aerial photos.
Three different types of islands along the branch were reported Z
permanent islands which have permanent vegetation and are distinct from
the sand bars; the attachment islands which joined the main banks and
work as part of the floodplain; and the under -forming islands which have
begun to form due to heavy sedimentation resulting from weak water

current.

Examples of Riverine Islands Worldwide : Some important examples of
riverine islands along with their relevant information and researchare discussed

further in this section.
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2.16 Islands in St. Lawrence River [USA & Canada]: The St. Lawrence RivefGreat
Lakes system is the second largest river network in North America in terms of
annual discharge and is crucial for thisregion as its basin holds about 23000 k#h
I £ xAOAO j§ AAAT O1 OET ¢ A O OI OCEIl Uet@,yb 1T £ C
1995). The St. Lawrence RiveiGreat Lakes system forms part of the boundary
between Canada and the Unite®tates and has played an important role in the
lives of many native Americans. The St. Lawrence Ridefain stem originates at
the outlet of Lake Ontario and flows through four sections before reaching the
Gulf of St. Lawrence (Thorpet al, 2005). In the eastern part of Lake Ontario
where this river originates, there lies anarchipelago of 1864 islands between
TheUnitedState0 AT A # AT AAA8 4 EAOA ThAoGsAnd BBl AOI U E
[Images 8-9] which mainly comprise smaller islands many of which just barely
have emergent land and few major islands covering an area of several sg.km.
Many islands are rocky and covered with thick vegetation divided along the
international border. The Canadian islands belong to the province of Ontario and
the U.S. islands are part of thé&tate of New York (Kumar, 2018). While the
smaller islands are more or less uninhabited, the larger islands in this region have
turned into tourist spots which feature rustic cottages, mansions and a colig of

castles [Imagel0] for touristic leisure.
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Image 8 : Google Earth Imagery Showing Thousand Islands In St. Lawrence River
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Image 9 : Aerial view of Thousand Island (Source:
https://www.dailymail.co.uk/travel/escape/article -8785861/Pictured -amazing -
Thousand -Islands -archipelago -Canada-border.html )
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Image 10 : Singer Castle on Dark Island which is a part of Thousand Islands
(Source: https://www.dailymail.co.uk/travel/escape/article -8785861/Pictured -amazing-
Thousand -Islands -archipelago -Canada-border.html )

2.17 Apart from immense tourism importance, the Thousand Islands are well known
for their biodiversity resources which also form an important attraction. Some
islands in this archipelago form a part of theThousand Island National Park of
Canada which was established as the first Canadian National Park east of the
21T AEEAO8 4EEO AOAA xAO A1 O 1| £ZFEAEAI T U AAC
United Nations in 2002. This National Park consists of several ecologically
important mainland properties and over 20 islands between Kingston and
Brockville, Ontario. Being located in a transition zone, the park, for its size, is rich
in biodiversity and provides habitat for many species that are at the northern or
southern limits of their range. Some endangered and threatened spesién this
national park include z American Ginseng, American Wate?y E1 1 T xh "1 AT 1T AE1]
Turtle, Canadan Warbler, GoldenWinged Warbler, Gray Ratsnake, Western

Chorus Frog and American Eel to name a few (Parks Canada Agency, 2016).
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2.18 Riverine Islands in Bangladesh: " AT ¢1 AAAOE EO T 1T A T &£ OEA xI
populated countries with a large number of people dependent on the riverine
islands found in most major river systems in the country such as Brahmaputra,
Ganga, Padma, Upper Meghna and Lower Meghna rivers. The riverine islands are
1 TAAT T U EhaistxT x BEEAEO AOA CAT AOAT T U OAT AU Al
extremely vulnerable to flooding during monsoon season (Ashragét al, 2013)

[Image 11]. It is estimated that about 600,00 people find shelter on various
chars in Bangladesh. Although the riverinechars in Bangladesh offer, on a
continuous basis, significant areas of new land for settlement and cultivation,
living and working conditions on these newly emerging lands are harsh. The
chars are poorly connected to the mainland and are prone to acute erosion and
flooding which makes the inhabitants vulnerable. The typical patterns of physical
development and human use of land and other resources in thehars differ
among the diferent river systems in Bangladesh and also among the different
reaches of the same river (Sarkeet al, 2003). Though most char lands are de
jure State-owned, in reality, most char lands have a de facto claimant who is
economically and politically powerful ,AAQOET ¢ AO O&ADOAAIT , 1 OAS
residing on the char, to the extent that they are at times beyond the reach of

the judiciary (Barkat et al., 2007).
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Image 11 : Houses onChar Islands in Brahmépufra River Submerged During Monsoon
(Source: https://www.ipsnews.net/2014/10/bangladeshi -char -dwellers -in-search-of-
higher -ground/ )

2.19 In a detailed study onchar islands of Bangladesh by Sarkeet al. (2003), it was
highlighted that the formation processes andcharacteristics of char islands are
different in braided and meandering rivers and also, within a river, thechar
characteristics may generally vary in the longitudinal direction. When ahar
emerges, it consists of sand of approximately the same coarseness as the bed
material of the river reach. However, at the lee side of a medial or point bar, fine
materials would deposit. When the bar elevation reaches close to average flood
levels, a layer of silt and clay is deposited over the sand layer, facilitating the

development of vegetated islands namedahars.

220 Among the various rivers of Bangladesh, Jamuna River (another name for
Brahmaputra) is one of the largest braided rivers in the world which provides
vital water resources and affects the soci@conomic developments in major parts
of Bangladesh. Thehar islands in this river stretch are mainly colonized by the

riparian grass speciesz Sacharum spontaneum Although relatively new chars
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have very few trees, some oldechars have a variety of fruit trees, including
mango, jackfruit, guava, bamboahimul, andjiga. A study by Bakiand Gan (2012)
highlighted that the islands havingan area of more than 150 ha were fairly stable
in the Jamuna River channel while islands witlan area of less than 50 ha tended

to be very unstable and were subjected to fairly major changes.

On certain occasions, the residents afhar lands get opportunities to practice
agriculture, but the infertility of sandy land makes it more difficult and at times
almost impossible to raise any crop. In the absence of this and any other possible
source of income, many families on thehar lands in Bangladesh are living in
extreme poverty conditions. Although wherever possible, agriculture is the chief
source of livelihood for char dwellers in Bangladesh with most inhabitants
involved directly or indirectly (World Bank, 2013). Cropping systems inchar
islands are quite different from the other land areas because of sandy soil texture
and environmental variability (Kabir, 2006). Only a few specific crops are grown
in the char area such as maize, groundnut, seasonal paddy, and some vegetables.
Most of thechar farmers keep their lands fallow during the main cropping season

- Kharif (May to October)- because of high evaporation which renders cultivation
impossible without irrigation. Instead, the Rabi season (November to April) is the
main cropping season in thechar area, when temperatures are lower which is
best for vegetable cultivation (LahirtDutt and Samanta, 2007). Furthermore,
climatic risks such as droughts, erosion and floods are key challenges for
agriculture as perceived bychar dwellers in Bangladesh. A study by Ahmedt al.,
(2021) has highlighted that char dwellers in Bangladesh have adopted several
adaptation strategies such as implementing new or altexative farming practices,
water-intensive irrigation, changing planting times, and cultivating short
duration varieties, among others to improve their livelihood. The study also
emphasizes that supporting such alternatives by concerned government
authorities and other stakeholders will aid in reducing agricultural vulnerability
and result in increased food productivity for the char dwelling families in the

country.
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2.22 Islands in River Neris : This River is situated in the Baltic Sea basin with total
length of 509.5 km andatotal basin area of 13849.6 sgE | 8 | ' & &.,I2600OHE O
Neris is the largest tributary of Nemunas (the direct channel flowing intahe
Baltic Sea). It flows in Lithuania for about 234.5 km during which it crosses a few
hills and plain terrains of different genesis. According to Baubinienet al., (2015),
riverine islands occur in the almost entire stretch of this river in Lithuania
barring afew segments. Islands are few or absent at all in the segments where the
channel erodes through the moraine chains as the material eroded from the
morainic formations is deposited in the downstream segments. The number of
islands increases in the meandering river segments where sharp bends of the
channel cut off parts of flood plainsTwo different types of islands are formed
in this river z Channel Islands (which are accumulations of bottom and
particulate sediments formed during the dry periods) and floodplain
islands (which are land masses cut off from floodplain region s by rising
water). The majority of the islands in this river are of low heights (upto 1 m
aboveaverage river water level) andremain submerged almost every year during
floods. Such islands are permanently trasformed by floods because wateborne
sediments remain on the islands making them higher after the fall of the flood
(Gautier et al, 2007). The higher river islands are concentrated in the lower reach

of Neris River which is one of the most urbanized river segments.

2.23 Channel Islands have been mentioned in the journals of many earlier explorers
and travelers. Several 19thcentury Army officers, such as Lieutenant J. Henry
Carleton (1845) and Captain John C. Fremont (1845), commented on channel
conditions and islands in the Platte River andther streams of the American
West. Channel filling, narrowing by island growth, and coalescence with the flood
plain were described for the Platte River by Williams (1978) and Eschner et al.
(1983), for the Loup River system of Nebraska by Brice (1964), for the Cimarron
River in Kansas by Schumm and Lichty (1963), and for the South Platte and
Arkansas Rivers by Nadler (1978). Shull (1922) was early to recognize the
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rapidity with which a channel island can form and become vegetated in

documenting the development of an island in the Mississippi River.

Marajo Island Brazil : Marajo isOEA x1T Ol A6 O 1 AQddicdéthd Al OA E(
mouth of the Amazon River at its interface withthe Atlantic Ocean in Brazil

(Goulding et al, 2003) [Imagel12]. It encompasses a total area of approximately

50,000 sqg.km. In addition to the Amazon, the island is also influenced by the

Tocantins River and other small rivers of the south (Barthen& Schwassmann,

1994). The island is surounded by sandyclayey beachesand encompasses a

hydrographic system (rivers, channels, and creeks) thaboth drains and floods

the terra firme forest and varzeas(swamps) (MarquesAguiar et al, 2002). In

AAAEOGETI T OF OEAOA & OAOGO AAT OUOGOAI 6h OEA |
and mangroves contribute to its diversity of habitats and organisms (Marques

Aguiar et al, 2002; Montaget al, 2009; Almeidaet al, 2009). This diversity of
EAAEOAOO ET &£ OAT AAO OEA OEAET AOO 1T £ OEA OA
an important role in habitat preferences and use (LowavicConnell, 1999; Carrier

et al, 2004). Humans have occupied Maraj6 Island for at least the past five to

seven thousand years [Image 3] (Simbes, 1981; Roosevelet al, 1991). These

residents have indulged in various socig@conomic activities without considering

the conservation aspects that havded to the progressive degradation of the

EOI AT A0 AAT Odf @O &d1l). jDespite Ghd @inique features and

ecological importance of Marajé Island in the local context, it has not been

included in the environmental and hydrological management programs that have

been developed for the Amazon region (Limat al, 2005). Though the whole of

Marajé Island is located within a singleState conservation unit, the Marajos

Archipelago Environmental Protection Area, or Marajé EPA which is the largest

StateEPA in Brazil (MMA, 2007), this category of protected area is highly flexible

in terms of the exploitation of natural resources and definitely does not guarantee

the maintenance of the ecological functions of the local ecosystems over the long

term.

26| Page



/ W}D § A
progu

4
.J*v/ i

w

Santana o 2N g
a "" -~
y : S

AMAPA
T

( @ /N
O Py ) odkj o 0w
o N Y ¢ /ﬁ § ¢
Image 12 : Location Of Marajo Island In Brazil
(Source: http://amazonwaters.org/basins/estuary  -coast/marajo -island/ )

Image 13 : Human Settlement On Marajé Island
(Source: http://amazonwaters.org/basins/estuary __-coast/marajo -island/ )
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2.25 Ecosystem Services from Riverine Islands : Riverine Ecosystem Services can
be defined as those services provided by rivers and the broader landscapes that
are hydrologically connected to the rivers (including associated watershed
areas). This definition for riverine ecosystem services incorporates both services
that are provided directly within rivers, such as the production of
hydroelectricity, as well as services that are not strictly provided within rivers,
but related to them, such as flood mitigation, irrigation of agricultural fields, and
recreational activities such as hiking or camping alongside rivers (Hannet al,
2017). Out of the various typologies and classifications of ecosgsh services, the
most widely adopted one is the classification provided by Millennium
Ecosystem Assessment (2005) which classifies the services into four broad
categories 7 cultural ecosystem services (nonmaterial benefits such as
recreational activities including swimming or canoeing, the aesthetic
beauty of rivers, or their spiritual significance among many communities);
provisioning ecosystem services (products obtained from ecosystems,
including the supply of fresh water for drinking, and fish); regulating
ecosystem services (the benefits obtained from the regulation of ecosystem
processes, such as erosion prevention or water purification); and
supporting ecosystem services (processes that are necessary for the
production of other ecosystem services, such as nutrient cycling and habitat
provision). Plenty of research and documentatiorbased literature are available
for several riverine ecosystem services around the globe. Hanret al, (2017)
analyzed a large number of such papers and publications and highlighted that the
most frequently quantified ecosystem services from riverine habitats includeq
erosion control/prevention, habitat provision, water supply, water quality and
recreation/tourism. They further pointed out that ambiguities in quantification
techniques, lack of standardized methods and absence of assigning monetary
values to the ecosystem services wera challenge in this sector. However, wide
variation in methods reflected the flexible nature of the concept of ecosystem
services, which is one of its strengths. Based on their analysis they put forward

five recommendations for strengtheningriverine ecosystem services
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1 Assess multiple diverse ecosystem services.

1 Use validated and reproducible data, methods and indicators, and clearly
communicate sources of data and methods.

1 Evaluate the interactions between the ecosystem services assessed,
including those that are spatially distant and result from upstream
downstream connectivity.

1 Select the spatial extent and resolution of ecosystem service
guantification based on the question of interest while considering
directionality, lateral connectivity, and narrow extent of riverine
features.

1 Evaluate the implications of using this extent over others. Engage with
local and relevant communities/stakeholders to identify and quantify

ecosystem services.

From the literature survey in this aspect, it can also be concluded that while
much attention has been addressed to the numerous riverine ecosystem
services across the world, there is a huge gap in specific studies of these
services from riverine island habitats. Hence, taking into account the
various riverine ecosystem services and their valuation approaches as
available from existing literature, the proposed study would be the first of
its nature to document ecosystem services of riverine island habitats which
would add further value for developing conservation strategies. It may also
be mentioned that studies focused on riparian conditions, which may have

some kinship with islandic conditions, may have lessons for this study.

Socio-Cultural and Archaeological significance of Riverine Islands : Some
studies on floodplain evolution in NorthhWestern Europe have highlighted that
braiding of rivers and formation of islands were far more common in past times
than today. Evidence of this also comes from towns and cities on floodplains
many of which have retained riverine islands which can be shown to be at least
2000 years old (e.g. Paris, Budapest, Rome, Betersburg and Cairo). Several

examples of riverine islands have been dcussed in a study by Brown (2003) that
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highlights their socio-cultural significance and archaeological linkages, some of

which are as follows:

1 In the Irthling Borough stretch of River Nene irthe United Kingdom, several
bronze-age barrows were constructed in the floodplains of this highly
anastomosing river. One of these is a triplditched barrow which is
particularly important being associated with 184 cattle skulls anchigh-status
grave gods believed to have been constructed between 2140 and 1800 B.C.
Pollen studies on the floodplain islands in this area have also led to findings
about grasses which particularly thrive when grazing is absent and their
dominance during earlier periods and duringthe clearing phase clearly
indicate that livestock was kept away from the riverine islands.

1 Another example is of the riverine islands from Thames River which has a
history of forming small islands or islets, several of which exist even today.
Haughey (2000) has shown that in the area of the junction of the tributary
the Colne Brook with the Thames was a group of eight islands during the mid
later Mesolithic and this channel pattern would be expected to have persisted
into the Neolithic. In the middle Thames at Yarnton extensive excavations
have revealed numerous palaeochannels surrounding areas of Neolithic and
early Bronze Age domestic activity, burnt mounds and a beaker grave. Given
the location and density of the palaeochannelsome of this activity at least
was probably located on floodplain islands.

1 The Seine River in Paris has several islands which have been connected by
aesthetic bridges and are completely urbanized. The western island in the

image below hosts the renowned architectural marvek O# EADP AT 1 £

$ Al fniage 14.
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2.27 Sustainable Tourism Challenges : The concept of sustainable tourism, as
developed by the World Tourism Organization (WTO, 2014) in the context of the

United Nations sustainable development process, refers to tourist activities

Ol AAAET ¢ O 1T AT ACAT AT O T &£ A1 OAOGI OOAAO EI
aesthetic needs can be fulfiled while maintaining cultural integrity, essential
AAT 1T CEAAT DOT AAOGOGAOR AET T T CEAAl AEOAOOEOU

World Travel & Tourism Council (WTTC) adpted the concept of sustainable
development for travel and tourism in the publication Agenda 21 for the Travel
AT A 471 OOEOI )T AOOOOU 041 xAOAOG Al %l OEOT 11 /
The three pillars of sustainable tourism are

i.  Environmentally friendly practices

ii.  Support for the protection of cultural and natural heritage

iii.  Tangible economic and social benefits to local people in host destinations

(WTO, WTTCEC, 2014)
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2.28 In recent decades, significant focus has shifted towards sustainable tourism
based studies and analysis fodifferent ecosystems including riverine habitats. In
a recent significant study, Collado (2019) carried out a study to determine the
impacts of river-based tourism destination® sustainability of Panay Island in
terms of economic viability, sociecultural equity, and environmental
conservation. A questionnairebased response was initiated in the study region
incorporating various stakeholders such as tourists, residents, business sector,
concerned officials and so on. When ranked in terms of the sustainability
indicators, data showed that the most favored response in the economic viability
OAOAAT AA O OAOAAOGA ETAITIT A Jedebh dbditleEOUS xE
I £ ET OO0 Al i1 01 EOU6 AO-AFHA CBFAGE AAONDOECAUOETAD A
OAAOAAR OAOOA AT A OAAUAT A 1 AT OAl EOUe AO OE
conservation. Based ona complete analysis of the results, a sustainability
framework was also formulated for river-based tourism in Panay Island which is

presented in Imagel5.

2.29 Excessive tourism impactsland and water alike and createswaste that goes
beyond the capacity of the islands to manage. Most ecosystems, habitats and
species are threatened due to pressures created by tourists visiting islands.
However, while there are lessons from elsewherghe Ganga situation is distinct
with changing island morphology, the need to avoid pollution and waste from
economic activity if permitted, and the need to give priority to ecosystem services
from islands in view of rapidly balding banks. This &st is particularly so as
Saccharum grasses, a valuable renewable biomass is now found more on riverine
islands than on banks. In the rare cases where archaeological sites or artifacts are
located and tourism permitted the challenges of excessive footfallould have to
be controlled. The &e of the island would also be a significant determinant for
permitting tourism activity so that sustainability and development can be

harmonized.
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recycle mentality

Environmental Conservation
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3. Promote
domestic culture
2. Respect and enhance
the historic heritage,
authentic culture and traditions
1. Increase self-esteem

3. Improvement
of tourism
infrastructures
2. Create employment
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1. Create income opportunity

Economic Viability Socio-culture Equity

Image 15 : Sustainability Framework Of River -Based Tourism In Panay Island
[Phillipines]

2.30 Island Policy Literature : As earlier pointed out, riverine islands are an under
researched domain. There are some studies which are based on islands in the sea
or concerned with island States/nations. The situation of these islands either in
terms of governance or ecology is significantly different from the riverine islands
of the Ganga. However, in terms of principleshey may have something to offer.

Here, three papers have been referred to as follows :

l. The Finland government came out withan island policy and proposedan
action plan for its 76,000 islands with an area of 0.5 ha or more its
neighboring sea area Finland being a country largely comprising of islands
and hence proper governance for the municipalitiesequired enunciating an
island policy which was proposed in 201215. The action plan largely
revolved around the aim to utilize the characteristics of the islands ad
watercourses in particular. A najor emphasis was on transport, data

connecton, security, recreational centers and environment, nature and

33| Page



culture. Measures recommendedincluded the development of water tourism,
professional fishing, and increasing time spent in the holiday homes.
Measures to treat and restrict sewage disposal were alsdormulated as an
environmental concern. The policy also takes into consideration the landscape
protection and management of cultural heritage throughhe conservation and
restoration of natural meadows and moors. Sike there are inhabitants
practising livestock farming pastoralist management ofthe landscape for

grazing purposesis also highlighted.

fr2AZE g O-ET EOOOU 1T £ %l Bl 1 Ul dhrhedt (28124 OEA %.
National Action Plan for Island P 1 E A U5, 39¢/2002¢106 pp.]
I. UNESCGsmallisland Developing States (SIDS) Action Plan for 201622021
embodies and guides UNESCO in its efforts to build capacities through
education and trainingin order to :
1 promote scientific research and conservation of the environment, in
particular, the oceans
i to safeguard cultural heritageto uphold the cultural diversity of SIDS
as an engine for innovation and sustainable development
to improve information management and knowledge sharing
to ensure the fullest participation of youth and social inclusion.
AEEO 01 AT A1 01 ATAT I DAOOAOG 5. %3#/ 860 OAOE
through the strengthening of capacities in SIDS to deal with emergencies

triggered by natural disasters. The SIDS addressed the following five priority
AOAAO xEOEET 5. %3#/ 860 | AT AAOAL
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Enhancing island capacities to achieve sustainable development throug
education and the reinforcement of human and institutional capacities

Enhancing SIDS resilience and the sustainability of human interacti
with ecological, freshwater and ocean systems

Preserving tangible and intangible cultural heritage and promoting
culture for island sustainable development

[Ref:05. %3 #/ j @tuvi 8 3iSklesik5) @3AI AOSRADAET PEDICAT ¢
UNESCO, Paris. 32pp.]

Z o~ 2NN

1. Tristan da Cunha OOOAIT 1 U OAEZAOO O1 Al1l OEA EOI A]
archipelago, belonging to the UK, located ithe southern Atlantic. The islands
have anarea of 201 sqkm. with the inhabited island having an area of 98 sq.
km. The Bodiversity Action Plan for the Tristan da Cunha islands was
developed with objectives like conservation integrated into Government
programs to strengthen biodiversity conservation, eliminate invasive species
and to a great extent promote sustainable use and management of the marine
AT GEOTT1 AT O OEOT OCE OAOET OO OOAPO AT A EI
key habitats and species. The overall goal is to conserve the native biological
diversity of Tristan da Cunha so that the people of Tristan da Cunha continue
to benefit from it and the entire world community is enriched by it. There is
provision for partnership with organizations from around the world
particularly in the UK and South Africa, to conserve their globally important

and unique biodiversity for the benefit of current and future generations.
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4 0EOOAT AA #OTEA )OI ATAO joetuveZetuvi qé8 40EO
of the Seven Seas, Tristan da Cunha, South Atlantic, 79pp.]

2.31 Some other studies focusing on related aspects of sustainable tourism and riverine

ecosystens including riverine islands are presented in Table 1.
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Table 1 : Excerpts From Few Significant Studies On Islands Tourism, Ecosystem Services & Jurisdictional Challenges

Sr. Title of paper

No.

1. Tourismin
River Island
Majuli:
Prospects and
Problems

2. Planning for
Sustainable
Ecotourism:
The Case for
Research
Ecotourism in
Developing
Country
Destinations

37| Page

Author & Affiliation Objective

Dibya Jyoti Kalita, Research The study was carried
scholar (M. Phil) out to explore the
Department of Economics  Tourism potential in
Dibrugarh University, Majuli Island by
Assam assessing the reason
tourists visit the island
and by taking touristsd
opinions on various
aspects of the island.

Julian Clifton , Department = The study explores the
of Geography, University of possibility of proposing
Portsmouth, UKAngela O2A0AAOAE Y%
Benson, Centrefor Tourism as a model in Indonesia.
Policy Studies, University of

Brighton, UK

Significant findings

Reason to visit Majuliwas mainly due to
its religious and cultural significance and
to see the Sattras.

For its rich biodiversity of flora and
fauna and bird watching.

Factors that affect tourism activity on
the island

Tourism infrastructure, local guides,
better connectivity, recurrent floods and
promotion of the island

The paper discusseshe concept of
Ecotourism and its impact on the society
Discusses the economibenefit of
02AO0AAOAE %Al O1 OOE
communities of this region
Emphasizesdeveloping ecotourism
proposals based on individual potentials
of a particular place and keemg in mind
the impacts that haveon host
communities



Sr. Title of paper

No.

3.  Sustainable
Competitive
Advantages
for Eco-
tourism
Development
of Phu Quoc
Island:
Background
and Literature
Reviews

4.  Exploring
Sustainable
EcoTourism
Potential
Along the
River Islands
of Coastal
Karnataka: A
Case Study of
Mudukudru

38| Page

Author & Affiliation

Hoang Pham Huy,

Management and Science
University (MSU), Malaysia.
Aye Aye Khin, Management

and Science University
(MSU), Malaysia

Satyaprakash Das, Manipal
School of Architecture and
Planning, Manipal Academy

of Higher Education,
Karnataka

Shanta Pragyan Dash,
Manipal School of

Architecture and Planning,
Manipal Academy of Higher

Education, Karnataka

Objective

The study gives an
overview of Ecotourism
and Sustainable
Tourism Development
in the context of
developing tourism
strategies in Vietnam.

The study explores the
feasibility of
sustainable options for
implementing eco
tourism concept for
revenue generation
that sustains livelihood
of the natives as well as
the ecosystem by
understanding the

Significant findings

Discusses the relationship and concepts
of ecotourism and sustainable tourism
development

Emphasizesthe need for economy,
environment and society to be
accounted together for developing a
sustainable future

The riverine island hasarich

biodiversity, wetlands and sacred groves
as the natural elements

The island providesa good escape from
city hustle-bustle and the native
residents are welcoming in nature
Challenges fordeveloping tourism here
include z flooding during rainy season,
salinity in drinking water resources,
migration of younger population and



Sr. Title of paper

No.
Island.
5. The Regime of Hiran W. Jaywardane, 1990
Islands in
International
Law

6. Paradox of the John W. Donaldson

Moving Department of Geography,

Boundary: Durham University,

Legal Heredity Durham, UK;

Author & Affiliation

Objective

issues and involving
community
participation and
indigenous approach
for economic
sustainability

Focus on international
law pertaining to sea
islands but has a
section on riverine
islands

Partial Case study of
jurisdictional issues on
islands between
Myanmar and Thailand

of River w.donaldson@durham.ac.uk on Mae Sai river

Accretion and
Avulsion
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Significant findings

lack of tourism-based infrastructure

Rule of thalweg or navigable median is
provided in detall

The ownership and jurisdiction of river
islands in interState rivers is provided in
Chapter 6 and may be relevant regarding
jurisdictional aspects. The Chapter also
addresses appearing and disappearing
islands

The issues of interState rivers with
changing courses in a monsoonal climat
can have relevance to a parallel situatior
of inter-district jurisdiction



Sr. Title of paper

No.

7. Paper-The
importance of
deliberation in
valuing
ecosystem
services in
developing
countries?
Evidence from
the Solomon
Islands

8.  Maurea
Islands:
A Restoration
Journey
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Author & Affiliation

Jasper O. Kenter a,1, Tony
Hyde a, Michael Christie a,
loan Fazey b. 2011

Cheri Van Schravendijk,
Jaedyn Falwasse& John
Brown

Objective

The paper discussed
value placed by
resident users on
ecosystem services in
coastal islands in the
Pacific

This paper explores
different options to
restore the Waikato
River by restoring the
small islands in the

river.

Significant findings

The research aimed to determine the value
people placed on ecosystem services

and whether participatory interventions to

elicit deeper-held values influenced the
preferences

expressed. Results found that the initial
willingness to pay for a number of tropical
forest ecosystem

services amounted to 30% of household income

1 The island was dominated by exotic
vegetation and the local species were
sparse

1 Curb the spread of pest grass like yellow
flag iris, without using herbicides

91 Help from the local tribes was taken to
understand traditional methods used to
control the spread of weed grass.

I The local tribes were involved to know



Sr. Title of paper Author & Affiliation Objective Significant findings

No.
their aspirations about the island in
order to set the objectives for the
tourism development project
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CHAPTER 3 & A GLANCE AT RIVERINE ISLANDS IN
INDIA

Most major rivers of India have different types of sandbars and islands in their

courses which are referred tol | AAT 1 U Ara®harddB6 OEOAODOOE T O
The biggest and most popular riverine island in India is Majuli located in the
Brahmaputra River in Assam State. It is designated as an independent island district,

EAO 11 A AOI OOOAI AOOOAAOQEITO ETiTx1T AO O3A0O0A
tourist destination in recent years. Although this island has been reeling under

pressures of floods and erosion coupled with other hazards affecting the local

communities. Another major island is Raghopur Diara in the Ganga River stretch of

Bihar State which is a designated block under Vaishali Distt. having its own

administrative Block Office on the island. While riverine islands and sandbars have

been mostly exploited for agriculture, there are some examples such as
Srirangapatnam Island, Divar Island and Mudukudru Island which are rich in

heritage and have immense tourism potential. Despite such well -known sites, it was

observed through a literature survey that not many studies have been focused on

various aspects of riverine islands in India barring Majuli.

3.1 Based on extensive search using appropriate keywords online on various platforms
including several international and Indian journals, the literature pertaining to
riverine islands in India was collected and surveyed which has been discussed in this
chapter. Wherever necessary, telephonic and -mail-based interactions were
undertaken with different experts and researchers to discuss this topic and gather
relevant information. The details of all the references in this chapter have been

provided in the Bibliography section.

3.2 Rivers in India flow through diverse terrains z mountains and hills, alluvial terrain,
and peninsular Deccan rock substrata. They also flow through a variety of climatic
zonesz temperate, tropical, subtropical, arid and semtarid. These conditions lead to

the existence or emergence of islands differentiated by size, shape, stability and
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usage. The following section puts the spotlight on various types of islands found in

Indian rivers to demonstrate existing typology and usage.

3.3 Majuli River Island : Most major rivers in India but chiefly Ganga and Brahmaputra
harbor numerous irregularly shaped and different-sized riverine islands in their
course. Among all these, Majuli River Island in Brahmaputra River is perhaps the most
explored in India which is evident from the numerous studies carried out irnthe last
AT Op1 A 1T £ UAAOO8 -AEOIE EO ITTA 1T&£ OEA x1i Ol
middle course ofthe Brahmaputra River in the State of Assam. It is also onef the
xT Ol A0 1 AOCArbdislaids Eokehirts) @ btAlarea BfGout 487.55 sgkm.
and having a population of 1,67,304 (Census of India, 2011). The island consists of
three Mauzas viz. Ahatguri, Kamalabari and Salmora, 20 Gaon Panchayats (village
councils) and 248 cadastral villages. A distinctharacteristic of the island is the
presence of numerous migchannel bars or islets (locally known as Chapori) resulting
from the braided nature of the river Brahmaputra. Apart from these, there ar
numerous beels(wetlands), oxbow lakes, and riverson the island, which cover 14% of

the total geographical area of the island (Rogt al., 2020).

Majuli Island is currently the first riverine island in India to be designated as a
district that was carved out from Jorhat district via Assam Govt notification no.
GAG (B) 27/2005/Pt.NI/59 in the north east State of Assam Majuli is not a single
island but it is a combination of cluster s of islets formed and developed in the mid-
river stream of the mighty Brahmaputra and its tributaries - the Luit and
Kherkatia to the north and north -east and north -west extremity. The island today
is separated from the shoreline by a 2.5 km wide channel and can be approached
from Nimati Ghat in Jorhat district to the south of the island by ferry reaching
Kamalabari in Majuli. The other mainland towns in proximity to th e island on the

north bank are N orth Lakhimpur and Dhakuwakhana.

(Source: https://majuli.gov.in/information -services/geography )
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3.4 Apart from being the largest, Majuli Island is also the oldest inhabited riverine island in
the world. It is very difficult to ascertain the year or the period of the inhabitation of
Majuli as sufficient and convincing records are not availableo support the views in
regard to its history. However, on the basis D certain geographical evidenceand
literary accounts, it may be presumed that Majuli took its island's shape at least before
the 130 century A.D. before Sukhapha's arrival at the Brahmaputra valley in the year
1228. It was formerly known as"Majali" which was situatedbetween the "Dihing" and
the Brahmaputra. Another chronicle upholds that Kockking Naranarayana sent his
brother Chilarai to extend his kingdom towardsthe upper Assam region. Dr. D. Nath in
his book "The Majuli Island- Society, Economy and Culture" described that Koch king
Naranarayana had made his camp at "Mojali" (Majuli) and it was there at the camp,
that he had received the tributes and present from the Ahom king Sukhampha alias
Khora Raja (15481563), who was defeated in the war. Pristoric references
i AT OET T AA OEAO OEA 1T OECET AT TAIA T £ OEA DPOA
O-TEATE6 AT A 1 AOGAO ET puvoegh EO xAO rdaloO1 AAI
Majuli prior to taking its present shape. Another reference regarding the early
existence of Majuli is found in "Yogini Tranta" that Chutiya king Ramchandra founded
his capital in Ratanpur, Majuli which was perhaps washed away by the Brahmaputra.
Apart from such legendarybeliefs and chronicler evidence there are early historical
references of Majuli and its land area mentioned by historians and other biographers.
A. J. Mafat Mills recorded in "Report on Province of AssarStated that Majuli island
extended to a land area of 2,82,165 acres [1130 sq. kapproximately] in 1853. British
writer B. C. Allen in his "ProvincialGazetteer of India" published in1901, mentioned
that Majuli's total land area was around 185 sq. miles [474q.km. approximately] and
its population was 35000 According to British doctor John Peter Wede, the island was
160 Miles long and 60 Miles broad (1927). (Sourcéittps://majuli.gov.in/information -

services/history -of-majuli)

3.5 Majuli Island is severely affected by erosion caused liie Brahmaputra and Subansiri
Rivers in the region. The extreme braided nature of the Brahmaputra coupled withe

silt and sand strata of the banks is the main cause of erosion (Dut& al, 2010).
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Significant erosion of the island began after 1950. However, after the great earthquake
of 1950, the island witnessed tremendous changes in its morphmyjy due to continuous
changes inriver channels. The great earthquakeswelled up the river bed of
Brahmaputra by %4 m due to the deposition of massive silt layers, which resulted in
bank line erosion and floods in the island year after year (Goswami, 1985). Several
studies have been carried out in the last few decades to document the extent and
impacts of bank erosion on this island. In one of the earlier studies, Kotolat al,
(2003) analyzed erosion impacts on MajulRiverine Island from 19961998 based on
Survey of India toposheets and remote sensing satellite imagery. The results
highlighted that this island suffered from significant erosion on its southern and
northern sides owing to Subansiri and Brahmaputra rivers respectively. When
compared with historical records, it was found that a reduction of 667.35 sdm. with

an average rate of about 2 sdkm./ year was observed till 1998. Anncrease in sediment
load in excess ofthe competency of the iver caused significant channelwidening
which resulted in an increase inthe differential rate of bank erosion on both sides of
the island. Sarma and Phukan (2004) gave a congirensive account othe origin and
geomorphological changes including erosion and deposition in Majuli Island. The loss
of landmass on Majuli Island due to erosion was also reiterated in another study

(Sarma, 2014) which provided important details presented in Table 2:

Table 2 : Loss of Landmass (in Sq.Km.) of Majuli Island by Erosion (Source: Sarma, 2014)

Land Area  Area Eroded Average Area Annually

vear (Sg. Km.) (Sg. Km.) Lost Or Gained (Sq. Km.) Data Source
1914 733.79 - - Survey of India Map
1949 708.91 -24.88 -0.71 Survey of India Map
1963 588.79 -120.12 -8.58 Survey of India Map
1988 513.89 -74.90 -3.00 IRS LISS Il
1998 510.79 -3.10 -0.31 INSAT IC LISS llI
2004 502.21 -8.58 -1.43 IRS P6 LISS III
2008 506.37 +4.16 +1.04 IRS P6 LISS IV
2013 522.73 + 16.36 +3.27 IRS P6 LISS IV
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3.6 Lahri & Sinha (2014) highlighted through geomorphological studies that Majuli Island
did not result from pure fluvial processes but was bornresultant of the great
earthquake in 1750 during which a much smaller palae®rahmaputra developed an
anabranch and captured the Burhi Dihing River. The intermediate lahlocked area
thereby became Majuli Island that is constituted primarily of the older floodplain
deposits.

3.7 Umanandalsland: 51 AT AT AA EO OAPOOAA OI AA OEA x1 Ol ¢/
island lying between 91° 45" to 91° 50" E Longitude and 26° 07" to 26°10" N Latitude
with an area of about 4.7 hectare [Images 16-17]. It is located in the Brahmaputra
River stretch adjoining Guwahati city in Assam. The temple of Wamanda is located on
the Island and was built in 1694 A.D. The original temple structure was immensely
damaged by a devastating earthquake in 1897 and hence, the current temple structure
was constructed subsequently (Anonymous, 2006; Kaat al, 2008). The island is on a

rocky outcrop in the river and vegetation has established in the sediment deposits.

According to legends, Lord Shiva is believed to have resided here in the form of
Bhayananda. According to the Kalika Purana, at the beginning of the creation,

Shiva sprinkled ashes (bhasma) at this place and imparted knowledge to Parvati

(his consort). It is said that, when Siva was in meditation on this hillock, Kamadeva

ET OAOOOPOAA EEO UICA AT A xAO OEAOAZE OA AOO
anger and hence the hillock also got the name Bhasmacala (Anonymous 2007). The

Umananda temple dedicated to Lord Shiva on this island witnesses an extensive

footfall of enthusiasts during religious celebrations and auspicious occasions.
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Image 16 : Umananda Island [Peacock Island] In Brahmaputra River
Note: Borphukan Tila, a smaller island on the western edge of the frame

P
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Image 17 : Umananda Island During Field Survey [Image Credit : Sumesh N. Dudéﬁi]
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3.8

3.9

Apart from its historical and religious significance, the island serves as a very
important habitat for one of the most endangered species of primates the Golden
Langur (Trachypithe cusge@i This species is a®ld-World monkey (a common English
name for primates belonging tothe taxonomic family of Cercopithecidag found in a
small region of western Assam, India (Choudhury, 1988 & b) and the neighboring
foothills of the Black Mountains of Bhutan (Choudhury, 2008). The existence of the
specieson the island is connected with a popular folklore which says that two youth
left a pair of these langurs here some 35 years ago and they have since survived. The
species, otherwise hostile, has adapted to human beings especially the tourists and
pilgrims who frequent the island. They are social animals and live in groups. Golden
langur populations in Assam are isolated and restricted to pockets of suitable habitat

as in Umananda islands (Duttet al, 2019).

In one of the significant studies, Kaet al, (2008) highlighted the vegetation type and
enumerated the floral diversity of Umananda Island. According to the study, the island
chiefly comprises tropical dry deciduous forests harboring 146 different plant species
representing 127 genera and 67 families. These include flowering plants,
gymnosperms, pteridophytes, bryophytes and fungi. Some tife common trees on this
island include z Azadirachta indica(Neem), Aegle marmelogindian Bel), Cocos nucifera
(Coconut), Areca catechuBetelnut Palm), Tamarindus indica(Imli) and Streblus asper
(Sand Paper Tree). Based on the plant species diversity, Bujarbarua (2018) analyzed
that phanerophyte and theophyte life forms were dominant on this island. Aigh
percentage of phanerophytes ischaracteristic of tropical humid bioclimate and the
predominance of therophytes is attributed to various factors like the prevalent
microclimate of the area coupled with anthropogenic activities (Sharma, 2003; Khaat

al. 2011). Therefore, the bioclimate of Umananda River Island can be termed as
therophanerophytic and the vegetation isa relic of tropical evergreen/semi-evergreen

forest.

3.10 Riverine Islands/ Diaras in Bihar : The Ganga River and its tributaries (mainly Sone,
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Kosi, Gandakand Ghaghra) in BiharState harbor numerous irregularly shaped and

varied-sized riverine islands. Most of these islands in this region are referretb
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an earthen oil lamp.Diara is a word coined for a land where aliya is never lit. In local
parlance in parts of Bihar, it symbolizes a village located inside the embankments of
the floodplains of the River Gandak in Bihar. In a wider sense, the term indicates
people living in abject poverty and who face multiple vulnerabilities, due to frequent
flooding of the Gandak. The river meanders and people are never sure when it would

change course (Udast al,, 2018).

3.11 Perhaps the biggest andne of the oldest riverine islands in the Ganga Riv@r@ain
stretch is RaghopurDiara situated between the districts of Vaishali and Patna [Image
18-19]. This riverine island measures about 30 km long and-80 km wide with a
population of about 232,909 people (Census of India, 2011) inhabiting various
villages such as Birpur, Paharpur, Fatehpur, Rampur, Jurawanpur and Shagar to
name a few. Parts of this island are connected withe Vaishali and Patna districts by
pontoon bridges and boats that navigate throughout the year. A permanent bridge is
also being constructed in this region to provideaoad connectivity to this island in all
seasons. Raghopur Diara has been officially recognized as a Community

Development Block having its own Block Development Office for administrative

purposes.

F

49| Page



Image 19 : Raghopur Block Office Building On Island (Image Credit : Sumesh N. Dudani)

An important highlight of this Diara was the accidental discovery of Harappan
bricks by a local resident which was confirmed by the  State Archaeology
Department [Image 20 ]. According to an article by Verma (2017), a resident
landowner on this Diara stumbled upon thousands of | arge bricks during
construction -related work. A team from the State Archaeology Department led by
the then Director, Dr. Atul Verma, visited this Diara and got the brick samples
tested. The results showed that out of the two bricks that were tested, one was
7.5cm thick, 15cm wide and 30cm long, and the other was 8cm thick, 16cm wide and
32cm long. Both these bricks had thickness, width and length in the ratio 1:2:4 and
they were fire -burnt similar to the bricks known from other Harappan civilization

sites in the country.
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Image 20 : One Of The Harappan Bricks Collected From Raghopur Diara
(Source: https://www.telegraphindia.com/bihar/harappa -signs-in -bricks -of-

raghopur/cid/1375856 )

3.12 Islands in Gujarat: A significantisland in GujaratStateis Aaliya bet officially believed

A6 0.1 -AT806 ,ATAoh 11T AAOAA AAT OO0 we EIi x
Narmada River[Image 21]. This delta earlier was treated as an island obet and
AAOEOAA OEA TAI A AEOGAO O!'!,d6h APoGe@ddO ODA

corctata which grows abundantly in the area. Geologicallythe delta came into
existence due to the silt deposition by the Narmada River, prior to debouching its
water into the Gulf of Khambhat ofthe Arabian Sea (Modiet al, 2018). Presently it
has joined the mairtand because of the silt deposition ithe Narmada River. Afterthe
construction of the Sardar Sarovar Dam, water fronthe Narmada River was diverted
to the northern areas of Gujarat leading to a drop in the water levels #ie Narmada
estuary region. The drop in water levels led to the emergence greviously
submerged areas. There was considerable amount of silt deposition also in the
subsequent yearsowing to low flow velocities. The result of all these changes was
that the southern and south eastern edges diliya Bet have joined the maifand of

Hansottaluka. Aliya Bet has today become a peninsula (MacDonald, 2009).
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3.13

3.14

Image 21 : Aaliya Bet Island In Narmada River

The present mouth of the Narmada River has roughly retained the original funnel
shape of the estuary formed i.e., during the Mitlate Holocene. However, the size of
the estuary is now considerably reduced. The present estuarine reach contains
several islands, which are well above the present tidal range. Hence, they are the
products of the estuarine processes of the Mid.ate Holocene and not those of the

present day (Chamyak Maurya, 2017).

Mahi River is another important river of Western and Central India which arises in
the Malwa plateau near Moripara in Madhya Pradesh. It flows through the uplands
and alluvial plain in Gujarat before debouching into the Gulf of Cambay. In the alluvial
plain, it shows typical meandering river morphology and ischaracterized by the
presence of extensive poinbars along its convex meander bends. In one study,
Sridhar and Patidar (2005) investigated a point bar deposit inthe Mahi River using
the Ground Renetrating Radar (GPR) system. The basal part of this poibar
indicated deposition under a nearcontinuous flow with minor changes in velocity
and direction giving rise to fining upward planar crossstratified sand facies typical of
a point-bar sequence. However, the sediments in the upper part shoavhigh degree

of lateral and vertical heterogeneity andare inferred to have resultedfrom deposition
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by high-stage flood events associated with cyclonic storms and the gradbailvaning

flow.

MOIPUR M

3.15 Godavari is an eastflowing river of the Deccanoriginating in Maharashtra and
flowing through Telangana and AndhraStates successively. The East Godavari District
of Andhra is a coastal district. As the river flows through Dowleshwaram Barrage the
resultant low flow has enabled sediment deposition in its course to the coast over a
very gentle gradient. At Konaseema, where a major tributary joins from the north,

there is a prominent group of deltaic islands duly namednd including :

Ainavilli
Antarvedi
Ryali
Gudapalli
Mandapalli
Vadapalli
Appanapalli

=A =/ =4 =4 =4 -4 -4 -4

Muramalla
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Image 23 : Deltaic Islands on Northern Course of Godavari River, Andhra Pradesh

=t

— — - e

- - == |

— S z — ——— e s e |
I = = = e e el
= _— =

Image24d 31 Al 1 AO )OIl ATAOG +11x1 10 O, Al EAOS
River [Image Credit : Sumesh N. Dudani]

54| Page



3.16 A study carried out by Patel (2010) highghted that the number of mid-channel
Islandsin the Godavari River stretch of Rajahmundry in East Godavari District almost
doubled as observed from satellite image analysis from 1977 to 1990. Furthermore
from 1990 to 2006, the analysis did not showany increase inthe number of islands
but their attributes such as total area, maximum area, total perimeter and maximum
perimeter did show a marked steady increase. The study also highlighted that these
EOI ATAO AOKhaElTAIxAOBACETO OEEO OACET T byAT A AC
fishermen and other local populatiors. However, issues such as stability and constant
shifting of char lands, fragmentation of islands and sand bars and flood events have
significant effects on the overall life of local communities here. Furthermore, the
islands in the Godavari [®lta are also popular tourist places with development

measures executedy local authorities.

3.17 Mandhata Island : It is an island inthe Narmada River situated on the northern
fringe of the present Khandwa District in the State of Madhya Pradesh. This island
including some villages on it and onthe opposite bank is referred to as
OmkareshwarMandhata which is a popular Hindu pilgrimage site in this region
[Images 2526]. This island houses one of the twelvejyotirlingas in India z
Omkareshwar, which is worshipped by several thousand pilgrimsespecially those
who come to visit Mahakaleshwar in Ujjain which is approximately 80 km from here.
Despite extensive archaeological remains on this island and its vicinity, this place
remained neglected byscholars until a detailed study carried out by Neuss Jirgen
which was published as a book in 2018. According to this study, Mandhata island and
EOO OOO0O0I1 01 AET ¢O £l 1 QAEARDMA 5A ®ERABRACEHHERMA | @A ¢
the South Asian historiography. The remains on this island represent the only
preserved fortified city of the Paramaras of Dhara known to us. However, the remains
of built heritage that are still extant on this island face threat from local construction
activities even though many areas are either under the protection ofthe
Archaeological Survey of India orthe Directorate of Archaeology, Archives and

Museums.
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Image 25 : Google Earth Imagery owig Location Of Mandhata Island In Nar;haaa Ri{/er,
Madhya Pradesh

Image6 :andhata Iand ith Temple And Runway Unplanned Constrution [2023]
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3.18 Riverine Islands in Coastal Karnataka : Some westflowing rivers such as
Panchgangavali, Sita and Suvarna have several small and big sized riverine islands
especially close to their confluence withthe Arabian Sea. Some of these islands have
been developed as recreational tourism sites bythe Karnataka State Tourism
Department and private owners in the region. One such island known locally as
Madukudru island in the estuarine region of Suvarna Riverlmage 27 was
highlighted by Das& Dash (2020) in their study. This island is the largest in this
estuary having a total area of 156.3 acres and a perimeter of 4.75 km. It falls under
the jurisdiction of Kallianpur panchayat of UdupiDistrict and is covered under the
Coastal Regulation Zondll. The island houses some settlements which are involved
in coconut plantations and fishing activities. It is connected with the mainland by

permanent bridges.

Image 27 : Location Of Mudukudru Island In Coastal Karnataka

3.20 River Islands of West Bengal : Major Colebrooke, in his paper 'On th€ourses of the
Ganges through Bengal' (1801), noted: "The quantity of land, which has been
destroyed by the river in course of a few years, will amount, upon most moderate

calculation, to 40 square miles, or 25,600 acres; but this is countbalanced, in a
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great measure, by alluviation which has taken place on the opposite shore.” In the late
19th century, Hunter (1876) observed that an acre of land was engulfed by the
gnawing Padma within half an hour. Captain Sherwul (1858) witnessed the
emergence of @har lands which became inhabited, cleared and cultivated, the
population increased, large villags established land revenue collected for ten or
twelve years, and then the whole fabric disappeared within one rainy seasoiChars
are sandy shoals that emerge as an aftermath of river bank erosion that engutine
part of the land and give rise to another territory on the opposite bank Diaras and
Chars often first appear as thin $ivers of sand. On this is deposited layers of silt till a
low bank is consolidated. Tamarisk bushes, a spiny grass, establish a fbotd and
accretion as soon as the river recedes in winter; the river flowsarying considerably
seasonaly. For several years theéDiaras and Chars may be cultivable only in winter,
until, with a fresh flood, either the level is raised above the normal flood level or the
accretion is diluvated completely (Rashid, 1977). It is important to understand the
different types of charswhich are named dead, mature and running. The deathar is
one which has not faced any significant change due to fluvial action for the last few
decades. Maturechars have not faced any change due to fluvial action for the last 10
15 years and runningchars are those land patches which face regular changes dige
the action of the river and continuously emerge and submerge, this process being

known assikastiand payasti(Chakrabartty, 2016).

Historical Records : When the British took over India, the rivers (and the narshy
lands) of Bengal appeared strange to them because of their frequently shifting
courses, the property ownership complicated, and ancient Hindu laws quite
incomprehensible. European practices oriented them tosplitting soils and fluids into
discrete domains (Cosgrove& Petts, 1990). The first priority in establishing an
absolute and irrefutable authority on the land was to prove beyond doubt that the
State owned all the land according to ancient Indian systems. The Permanent
Settlement of 1793 gave land awayto zamindars in perpetuity to reduce the
complexities of revenue collection and to prevent default in the payments of rent. A

series of actions and measures followed the permanent settlement of land, the most
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significant being the initiation of surveys of rivers and lands. The East India Company
assigned its surveyor and engineerMajor James Renell, to conduct a survey of the
river systems in Bengal and to prepare detailed maps of these rivers. From 1763 to
1773, Renell compiled a set of maps of Bengal for the British Government, published
in 1779 as the Bengal Atlas, which became the most authentic and legitimate source
of information on the rivers of Bengal and was regarded as vitally important for
ATl i i AGAEAT h 1T EI EOAOUh AT A AAI ETEOOOAOEOA
collector of @milla district, for instance, reminded the Board of Revenue of the
existence of fine riceproducing chars that were being formed in the district
frequently, as being fit for immediate cultivation. He advised thBoard to take control

of all unclaimedchar lands with aview to putting them up for farm lease immediately

(Hunter, 1876).

Islands of Murshidabad and Malda, West Bengal : The cmmissioning of Farakka
barrage played alarge role in the rise of the new runningcharsin the two districts
(Islam & Gucchait, 2017). Manyhars have come up in Malda district in the last few
decades such as the Gadai and Dakatihars along with opening up deep channels
which havein turn affected the course of the river. The Hamidpurchar, Nirmal char,
and Jalangichar lands have emergedin Malda and Murshidabad districk as a resultof
river bank erosion (De Micheauxet al, 2018). The appearance, disappearance and
reappearance ofchar lands in Panchanandapur in Malda district habecome a regular
phenomenon. In Murshidabad too, thesame process has been active leading to the
Nirmal char and Jalangi char lands. People have moved betwee# to 16 times in the
last 15 years. Thus, human vulnerability takes an added dimension in the existing
charlands. The people who migrate and settle in the newly emergezhar lands lead a
life under the shadow of poverty and insecurity. The erosion and resultant
homelessness case an oversupply of agriculturallabor in the fertile chars engaging
the laborer at a wage lower than the minimum fixed by the government. In the Malda
chars, the average daily wage of adults working in the Maldehars is even less than
Rs. 60 (Basu, 2014).
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3.23 There are baundary problems in the char lands in the two districts of Malda and
Murshidabad which have developed towards Bangladesh. As per official estimatdill
1992-94 more than 10000 hectares ofchars have come up at places which have
become inaccssible from the Indian side butcan be reached easily from Bangladesh.
Akheriganj which literally means the last settlement virtually disappeared from the
map when the 1989 z 1990 monsoon-driven erosion overtook it (Chakrabartty,
1977). In 1947, the course of the Ganga was accepted as the international boundary
between the Rajshahi District of East Pakistan (Now Bangladesh) andhe
Murshidabad District of West Bengal (India). Subsequently, more than 35,000
hectaresof land havebeen wiped out from Murshidabad andchar lands of an almost
equal areal extent emerged along the opposite bank. Theskear lands, being attached
to the mainland of Bangladesh, are difficult to approach from IndigErosion wiped
away boundary posts at many places, where the border is now merebn the map
Despite repeated assurances by govt officials and ministers iRarliament, the
infiltration and illegal occupancy onCharlands by Bangladeshi nationals have often
been experienced. In April 1993, a joint survey was conducted to ascertain the
boundary on the Char lands. but Bangladesh subsequently declined to accept this
newly identified boundary. Certainly, Bangladesh habetter access to theCharlands
and also it is often difficult for the district authorities of Murshidabad to provide
proper security to the new settlers there (Rudra, 1996). In Maldaghars have created
problems with the adjoining State of Bihar. Mouzasin the char lands like Piarpore,
Pranpur, Plashghata, Kanchi, Jadpur, Srighar, Begamganj, Dogachi, Daskthia,
Nityanandapur, Hosenabad, Hakimbad, Jituagar are inhabited by more than one lakh
people each Thesechar lands can be accessed from Paglar Ghat by boat. No health or
education facilities of any kind exist here and for registration of land one has to come
to Malda since the landalls in the Malda District jurisdiction which is also depicted in

the District Census Handbook (Rudra, 2011).

3.24 Piarpur islands of Malda : These group of islands fall under Kaliachack C.D. Block of
Malda district in West Bengal and compris 20 revenue villages (nouzag, popularly

known as PPP (Piarpur, Paranpur and Palashgachhi or simply Piarpur) river islands.
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These islands have emerged during the last couple of decades and have presence of

human habitation. There are threemouzasi.e. Rezakpur, Kamaluddinpur and Daridiar

Jhaubona which are completely under water and another sixnouzas namely
Mahadevpur, Jot Kasturi, Sukrullapur, Birodhi and Panchanandapur anmajorly

under water. However, this region is under immense conflict owing to the shifting

course of the Ganga River andthe presence ofan interstate boundary between

Jharkhand and West Bengabtates which has been further aggravated owing tohe

shifting of the river towards the left bank. During British rule, the course of Ganga

was accepted asa boundary between the districts of Santhal Parganas of Bihar and

Malda of Bengal. It was noted irSurvey of Indiatopographical sheet No. 72 P/13

surveyed in the year 1922c 0 AT A DOAI EOEAA ET pwcthe j OADPO
province and district boundaries in the Ganges river follow the main deep water channel

and will vary as the course of deep waterarmel changed@ The Survey of India map

published in 1975 based ona 1970-x p OOOOAU | £ OEAwind ®AA &I 1
changes in the course of Ganga river, tB¢ate boundary between Bihar and West

Bengal and the district boundary between Malda and Murshidabad should not be
accepted as authoritatv8€ 6 4 EA DOT Al Al xAO OAEOAA EI OE/
(Singh et al, 1980). The representative of Bihar in the Committee opposed the

proposal of constructing two long spurs near Manikchak Ghat of Malda to deftethe

fast-flowing current to the opposite bank. The rationale behind the opposition was

that the measure was likely to deflect current on thevest bank and thus aggravate

erosion along the said bank. The problem then was referred to Survey of India and the

OEAT S$EOAAOI O j 3000AU 1 Ahg Houhdad G lthis pokicn®@A OT # E
the Ganga follows the deepater channel and varies as the course of the deegier

channel change8 6 ) t@estih@to Eote that the foonote is in contravention with

the earlier note of the Survey of India expressed in the map 72P/13 published in

1975. One of the representatives of the West Bengal Government in the commission

declined to accept the opinion of the @vey of India and intimated the Committee

O E AThé bouddary between Bihar and West Bengal in this reach is under dispidte

Even afterthe lapse oftwo decadessince the Pritam Singh Committee submitted its

report, the problem remains unresolved. Interestingly the district map of Malda
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published in 1994 by Sol depicted the boandary as unauthenticated (Anwaruzzaman
& Khatoon, 2012).

Damodar River Char Lands : Damodar is an important river of the Bengal Delta. It
flows across theStates of Bihar and West Bengal eventualljoining the Hugli River
near Falta in Howrah District. The clearing of extensive naturdbrests in the upper
catchment areas of this river for the construction of reservoirs has resulted in
increased siltation rates andthe formation of more stable chars on the riverbed. Also,
the behavior of the river has become more unpredictable: large chunks of fertile
agricultural land are eroded by its currents every year. The current physicaharacter
of the Damodarchars, therefore, is somewhat different from otherchars located in
the active delta areas of the Gang®adma and other rivers in deltaicBengal. Being
more permanent in nature, Damodarchars do not experience the regular and annual
flooding characteristic of the active deltachars of Bangladesh. Most of thesehar
lands comprise natural vegetation including plum trees and tallBenagrass planted
during the late 19 century when fishermen from Bihar started migrating and

occupying these riverine locations. Aftempartition, Bangladeshi (then East Pakistan)
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Hindus started to trickle into this part of India in search of livelihoods and social
security. Lacking any legal owners, thesehar lands were designated by the Govt. as
O+EAO 1 AT AOG AT A whdrdsktidermentioDrafgees. AHoweverEine
shifting river courses madechar lands highly insecure; considerable stretches afhar
lands have since reverted to riverbed, whereas some new lands have emerged from
the riverbed, and again considerable stretches of the river channel have been
converted into seasonal croplands by thechar people. Presently Bangladeshi
migrants form the dominant group in all char lands; the earlier Bihari settlers are
gradually being marginalized. Agriculture is the main occupation on thesghar lands
where large pieces of sandy lands have been reclaimed for crop cultivation biar
dwellers. However, the Damodachar lands too face vulnerabilities from erosion and
shifts in the river course. Some stabilizedchar lands closer to the south bank were
under the administration of the Bankura District of West Bengal but as the river
shifted towards the north bank the physical distance of thesechar lands have
increased from Bankura and is now closer to Burdwan District. The local residents of
Damodar char lands view floods as natural elements and have flourislieowing to
their maneuvering skills for land and waterbased livelihoods (LahiriDutt & Samanta,
2007).

Riverine Islands as Wildlife Corridors : The Brahmaputra River Valley in Assam is
considered to be an importanthabitat for tigers in India (Jhaet al., 2008). This region

is a very important landscape for tigers in its best habitats that include Kaziranga
National Park on the east and Orang National Park on the west with Lakhowa and
Burhachapori Wildlife Sanctuaries in between these two protected areas. This area is
known to hold the highest density of tigers in the world with 32 tigers/100 sgkm. in
the Kaziranga National Park (Ahmecet al, 2010). The floodplains of Brahmaputra
River support high prey biomass which forms an important source of food for these
tigers. Hence, a detailed scientific study was carried out by Boradt al, (2010) to
assess the potentiality of Brahmaputra riverine islands in this region to support
dispersing tigers and act as potential corridors for their movement. The results

highlighted the presence of tiger population on 11 oubf 52 riverine islands studied
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which was positively correlated with the presence of livestock on these islands.
Furthermore, it was established that the islands and river banks in this region served

as a crucial corridor forthe movement of tigers from one island to another or from

one protected area to another. These islands alserved as movement corridors for

other important fauna in the region such ashinos, elephants and various ungulates.

In Haridwar District, a group of riverine islands serve as important habitat and

movement corridors for deer speciesuchasg3 x Al B $AAO 1T O O" AOAOET ¢
and Chital [Image29].

Image 29 : Riverine Islands Forming Part of Movement Corridors for Dee r Species In Ganga
River Stretch Of Haridwar District
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